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Monitoring a Network Path 

The present invention relates to the monitoring of paths along which signals are 
carried in a telecommunications network, in particular to determine if a path has been 
altered. 

It is known for a network operator to provide a customer with two paths over 
which the customer's content data can be transmitted^ Thus, if one path is interrupted or 
inadvertently broken, content can still be received by the customer's intended recipient 
over the other path. It is preferable for the two paths to be "diverse", such that the paths 
follow a different geographical route. This reduces the risk that the paths will be 
interrupted together. However, a network operator may re-route one or both of the paths 
without the customer necessarily being aware. Such a change in path can easily be 
accomplished by a network operator, for example by dynamically re-configuring the 
routers along a path such that data is sent over different links. 

According to one aspect of the invention, there is provided a method of 
determining if one or more of at least two signal paths has been altered, each path having 
a transit time associated therewith for data transport along that path, the method 
comprising the steps of: monitoring the difference between the transit time of a first signal 
path and the transit time of a second signal path such that a change in the difference 
between the transit times of the two paths can be detected; and, in dependence at least in 
part on any such detected change, generating an alarm signal. 

A change in the transit time of one of the paths is likely to indicate that the path 
has been re-routed, since re-routing will normally affect the length of a path. Likewise, 
other alterations to a path such as the substitution of one transport medium such as 
optical fibre with another transport medium such as copper is likely to also affect the 
transit time. Thus, the alarm signal can be used to notify a customer of the likely 
alteration to a path. It can be important for a customer to be alerted to a change in path for 
several reasons. For example, the new path may include a link or other equipment which 
is known to be particularly vulnerable to faults or damage. Alternatively, as a result of re- 
routing, paths which were originally diverse may coincide over at least part of their 
lengths. Paths may coincide where the first and second signal streams are carried over 
the same data link, for example the same optical fibre, or where the first and second 
signal streams are carried by different fibres, cables or other links located within the same 
duct. However, in a region where the paths coincide, any interruption in that region is 
likely to affect both paths, which can be undesirable. 
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Because the difference in the transit times between the paths is monitored, a 
customer may not know which of his paths has t>een altered. However, it is easier to 
measure a difference in transit times than it is to measure the actual transit time of a path. 

The two paths may each extend between a common upstream location and a 
common downstream location so as to provide a fault tolerant system for transmitting 
content between the two locations. Only one path at a time may be used for transmitting 
the content, but preferably each path will be used concurrently to carry data 
representative of the same content. The data on each path will preferably be 
representative of the content to the same level of quality, but altematively to conserve 
bandwidth, one path may be used as a reserve path, carrying data representative of the 
content to a lower level of quality than that of the other path. Altematively, the reserve 
path may carry a subset of the data carried by the main path. The content carried by the 
paths will preferably be video content, it being important for such content to be transmitted 
in a fault-tolerant manner, the percentage down-time normally expected for transmission 
of such data being as low as 0.02%. However, the content may be other data such as 
audio data which can require delivery with a very low down-time. 

To determine the difference in the transit times associated with the paths, marker 
signals may be introduced into each of the paths. Preferably, the marker signals will be 
dispersed between the content data carried by the paths. If the content data is carried as 
a stream of packets, the marker signals may be introduced into empty packets located 
vyithin the streams. 

The marker signals will preferably be introduced into the respective paths such 
that for each marker introduced into one path, a corresponding marker is introduced into 
the other path. In this case, the difference in the transit times of corresponding markers, 
and hence the difference in transit time associated with each path, can be monitored. 

The markers may contain correspondence information indicating which pairs of 
markers correspond to one another, to make it easier for the transit time of corresponding 
markers to be determined. However, correspondence information may not be required if 
corresponding markers are introduced into each path substantially simultaneously and 
with sufficiently long time inten/als between respective pairs of markers. 

The marker signals may each include a time stamp. The respective time stamps 
of markers may indicate the time difference between the launch of corresponding markers 
onto each path, possibly with correspondence information which can be used at the 
downstream location to determine which markers correspond to one another. However, in 
a preferred embodiment, a common clock source will be provided at the upstream location 
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such that each marker can include a time stamp indicative of its time of departure relative 
to a common time reference at the upstream location. 

Preferably, the arrival times of markers at the downstream location will be 
monitored. The difference in the arrival times may then be used directly or indirectly to 
monitor the difference in the transit times of markers travelling along the two paths. 

A common clock source may be provided at the downstream location for 
monitoring the arrival times of markers from each of the paths relative to a common 
reference. The common clock source at the downstream location may be fonned from a 
single clock or counter. Likewise, the common clock source at the upstream location may 
be formed by another clock or counter. Alternatively, one or each of the clock sources 
may (each respectively) be formed by a pair of .clocks, one for each path, provided that 
the clocks within each pair can be operated such that they do not drift excessively relative 
to one another. 

However, it will be appreciated that on the one hand it may be important to know 
the relative time of departure of markers on the first path as measured relative to that of 
markers on the second path, and that on the other hand it may be important to know the 
relative time at which marker signals arrive along one path at the downstream location as 
measured relative to the time at which marker signals arrive along the other path at the 
downstream location. Therefore, an upstream clock source may be used which is not 
necessarily synchronised to the downstream clock source, and vice-versa. It will be 
particularly advantageous to be able use respective clock sources at the upstream and 
downstream locations that are independent from one another, since when the two 
locations are separated by a long distance, for example at least 10 km or 100 km. such 
distances can make it difficult to synchronise the upstream and downstream clock 
sources. 

Preferably, markers will be introduced onto a network at a sending station, which 
sending station will receive content data from a customer for onward transmission onto 
the network. Likewise, the marker signals will preferably be received at a receiving 
station, where the difference in transit times between the markers on each path will be 
evaluated. The sending station and the receiving station will preferably each be 
releaseably connectable to a network. Once a network operator has agreed to provide 
duplicate paths for a customer, the customer can have the sending station and the 
receiving station installed at the locations where the paths respectively begin and end, so 
as to monitor the paths. 
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Preferably, a marker signal in one stream will include an indication of the time at which 
that marker signal was introduced relative to the time at which a marker was introduced 
into the other stream. That is» the markers can be introduced in pairs, one marker of a pair 
in one path, the other marker of the pair in the other path. One marker from each pair will 
then preferably have an indication of the time difference between the time of insertion of 
the two markers of a pair, which time difference can be taken into account when 
monitoring the difference in transit times. 

Since the difference in transit times can be monitored at the downstream location, 
there is provided, according to another aspect of the invention, a receiving station which is 
connectable to a plurality of paths, each path having a transit time associated therewith for 
data transport along that path, the network station having means for: monitoring the 
difference between the transit time of a first path and the transit time of a second path 
such that a change in the difference between the transit times of the two paths can be 
detected; and, in dependence at least in part on any such detected change, generating an 
alarm signal. Further aspects of the invention are specified in the appended claims. 

The invention will now be further described by way of example, with reference to 
the following drawings in which: 

Figure 1 shows apparatus for determining if a path through a network portion has 

been altered according to the present invention; 

Figure 2 shows the network portion of Figure 1 but where one of the paths has 
been altered; and, 

Figure 3 shows a more detailed view of a sending station shown in Figure 1. 

In Figure 1, there is shown a network 10 which is configured to provide a first 
path 12a and a second path 12b, each of which connects a sending station 16 to a 
receiving station 18. Each path 12a, 12b includes a plurality of links 22 formed for 
example by optical fibre, which links are connected by a plurality of nodes or routers 24 
(the network 10 will normally include further links and routers which in this example are 
not shown). The first and second paths 12a, 12b respectively originate at a first network 
input 30a and a second network input 30b, which inputs 30a, 30b are connected to the 
sending station 16 to allow the sending station to send data over the paths 12a, 12b. 
Likewise, the paths 12a, 12b respectively terminate at first and second network outputs 
36a. 36b, which outputs are connected to the receiving station 18 to allow data sent over 
the paths to be received by the receiving station 18. The paths are arranged such that 
data travelling along one path does not share a link (nor, preferably, a router) with data 
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travelling along the other path. This arrangement reduces the risk that a fault will cause 
both paths to fail at the same time. 

A customer wishing to send content 25 such as video or audio over the network 
10 will provide the data at an input 26 of the sending station. The sending station 16 has a 
copying stage 28 which copies the content from the customer, the content being passed 
to the first input 30a of the network as a first stream of data 32a for transmission over the 
first path 12a, whilst the same content is passed to the second input 30b of the network as 
a second stream of data 30b, for transmission over the second path 12b. (Alternatively, 
the customer may provide the duplicate signal streams, in which case the copying stage 
will not be required). The first and second streams of data are respectively received by the 
receiving station 18. The receiving station has a switching element 40 for selectively 
connecting one of the two paths 12a, 12b to an output 42 of the receiving station 18, such 
, that the signal stream from the connected path can be passed to the customer's intended 
recipient. The signal stream received from the other path is normally redundant when 
both paths are operational. However, if a fault is detected in the connected path by a 
detector circuit 44 coupled to the switching element 40, the detector circuit generates a 
fault signal which causes the switching element 40 to selectively connect the output 42 of 
the receiving station 18 to the other (previously redundant) path. In this way. the content 
data input at the sending station 18 can continue to be received at the receiving station 
output 42 even if one of the two paths experiences a fault. 

It is possible for the network operator responsible for the network 10 to re-route 
one or both of the paths 12a. 12b. For example, the link connecting nodes A and B in the 
first path 12a may become faulty, in which case the first path 12a can be re-routed 
through an intermediate node such as node C. using links (shown in dotted lines) 
previously unused in the first path. Alternatively, the first path may be re-routed as 
indicated in Figure 2, such that the link between nodes D and E previously used only by 
the second path is now used by both paths, such that data from the first and second 
streams 32a, 32b travel over a common link. 

To determine whether one or both of the paths 12a. 12b has been re-routed, the 
sending station 16 is provided with a marking stage 50 to introduce markers into each of 
the datastreams 32a, 32b. For each marker introduced into one stream, a corresponding 
marker is introduced into the other stream; that is. the markers are introduced in pairs, a 
marker from each pair being introduced into each respective path (if there are more than 
two paths, for example three paths, markers can be introduced in triplets). The markers 
contain correspondence information which can be read by a reading stage 52 in the 
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receiving station 18, so that the reading stage can determine which markers correspond to 
one another in the respective streams. The reading stage 52 is configured to compare the 
anrival time of a mariner in one stream with the arrival time of the corresponding positioned 
marker In the other stream, and using the difference in the arrival times, determine the 
difference in the transit times of correspondingly positioned markers travelling between 
the sending and receiving stations in the respective first and second streams. 

If one of the paths has changed, as indicated for example in Figure 2, this will 
cause the markers travelling along the re-routed path to anive at the receiving station at a 
different time to that at which the markers would have amved had the path not been 
changed. Since the other of the two paths (the second path 12b in Figure 2) has not 
changed, the difference in the transit time of corresponding markers will change. If the 
difference in the transit times of corresponding markers exceeds a threshold value, the 
reading stage is configured to generate an alarm signal to alert the customer that a path 
may have changed. Clearly, if a path is re-routed in such a way that the path length does 
not change, the transit time of markers in that path is likely to remain the same, in which 
case no alarm signal will be generated. Likewise, if both paths are lengthened by the 
same amount, an alarm signal is unlikely to be generated. 

The threshold value beyond which an alarm is generated will preferably be 
chosen in dependence on the fluctuations (either expected or measured) in the difference 
in transit times of corresponding markers in the two paths when the paths do not change. 
Typically, the threshold will be set to +/-100 micro seconds. This compares with a typical 
difference in the transit times of a few ms, for example 3 ms where two paths over optical 
fibre differ in length by 600km. 

If pairs of corresponding markers can each be introduced in a respective stream 
substantially simultaneously (that is, such that the time difference is smaller that the 
smallest expected change in transit time that is likely to result from a change in path 
routing), it can be inferred that a path has changed simply on the basis of a change in the 
difference in the arrival times of corresponding markers. However, in practical situations, 
there is likely to be a significant offset in the times at which corresponding markers can be 
introduced in the respective streams. In such a situation, one or each of a pair of 
correspondingly positioned markers will contain information (introduced in the markers by 
the sending station) which can be used by the reading stage 52 of the receiving station 18 
to determine the difference in the times at which corresponding markers were introduced 
into their respective streams. 
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Figure 3 shows a more detailed view of a sending station 16 such as that of 
Figure 1, which in this example is arranged to send video signals over the network 10 (like 
components have been given the same numerals). In use, a customer's content data 25 
(here video data) is introduced at the input 26 of the receiving station in digital form and 
passed to the copying stage 28 (alternatively, the copying stage 28 may include an 
analogue to digital converter 29, in which case the customer's content data will be entered 
at the input 26 in analogue form). The copying stage 28 provides a first stream of digital 
data 32a and a second stream of digital data 32b. To allow the sending station 16 to 
transmit video signals efficiently, the sending station includes a data encoder 49 for 
compressing and packetising the first and second datastream 32a, 32b from the copying 
stage. An encoding stage 51 is provided which encodes the incoming datastreams 
according to the MPEG standard, and a packetising stage 53 is provided to packetise the 
data according to the AS! standard (other standards such as Asynchronous Transfer 
Mode (ATM) could be employed instead). 

After being encoded and packetised. the signal streams 32a, 32b are passed to 
the marking stage 50. The marking stage 50 includes a master marker stage 57a for 
inserting stamps or other markers into the first signal stream 32a, whilst a slave marker 
stage 57b is provided for inserting markers or stamps into the second stream 32b. The 
marker stage 57a has a free running counter or "clock" such as a Relative Time Stamp 
counter 62 which is set to generate a flag signal at regular time intervals, in this example 
every second. The master and slave marker stages 57a, 57b are coupled, such that each 
flag signal generated by the master maker stage 57a is passed to the slave marker stage 
57b. Each marker stage 57a, 57b is configured to detect in the signal stream the 
presence of "null" packets whose payload is empty. In response to a flag signal, the 
master marker stage 57a is configured to insert a stamp into the first available null packet 
present in the first stream. Likewise, the slave marker stage 57b is configured to 
introduce a corresponding stamp into the second signal stream in response to the flag 
signal. Packets of encoded video data with marked packets dispersed therebetween are 
output at first and second outputs 71a, 71b, which outputs are releasably connected to the 
first and second network inputs 30a, 30b. 

Because it is unlikely that a null packet will be available in each stream 
simultaneously, stamps are likely be inserted into the two signal streams at different times 
in response to a given flag signal. So that this offset can be accounted for by the 
receiving station 18, the master marker stage 57a is configured to read the value of the 
RTS counter 62 at the moment when the master marker stage 57a is about to introduce a 
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Stamp into a null packet of the first signal stream 32a, such that the stamp contains the 
RTS counter value or "time" at which the stamp was introduced, rather than the time at 
which the flag signal was generated. Likewise the slave marker stage 57b reads the RTS 
counter value 62 such that when inserting a stamp, it inserts the actual RTS counter value 
at the time of insertion, such that any offset in the insertion times for the two streams can 
be calculated from the respective RTS values. 

Returning to Figure 1. the receiving stage 52 of the receiving station 18 is 
provided with a clock stage 64 for recording the time at which marked packets are 
received. A processing stage 66 is provided for determining the difference in the transit 
times between marked packets that have travelled along the first path and the transit time 
of packets that have travelled along the second path. Thus, if S1 is the "time" at which a 
previously null packet in the first stream is marked or stamped, A2 is the time at which that 
packet is received at the receiving station 18, and likewise S2 and A2 are the times at 
which a corresponding packet is stamped and received respectively in the second stream, 
then the processing stage calculates respective values for (S1-S2) and (A1-A2). The 
processing stage 66 then calculates the difference between the respective values for (SI- 
S2) and (A1-A2). In this way, the processing stage simply determines the difference in 
arrival time (A1-A2), taking into account any offset (S1-S2) in the time at which stamps are 
introduced into marked packets. Clearly, if respective marked packets can be introduced 
into each stream with a sufficiently small time separation, then (S1-S2) can be neglected, 
and only the difference in arrival times (A1-A2) need be considered. 

Because the processing stage 66 calculates the value (S1-S2), the RTS counter 
62 need not provide an indication of the absolute time, in the manner of a 24 hour clock. 
Furthermore, any drift in the rate at whjch the counter 62 is implemented will not be 
important, provided the drift that occurs in the time interval (S1-S2) is small. 

The processing stage 66 will be configured to: determine the difference D 
between the transit times along the two paths: i.e. to determine the value D = |(A1-A2)- 
(S1-S2)| = |(A1-S1MA2-S2)| for corresponding markers (vertical bars indicating the 
modulus of the quantity between the bars); to determine if D exceeds a threshold value; 
and, if D exceeds the threshold value for a predetermined number of consecutive pairs of 
corresponding markers, to generate an alarm signal. Alternatively, the processor stage 66 
may be configured to determine the average value for D over a period of time, and to 
generate an alarm signal if the average exceeds a threshold. 

The processing stage 66 is configured to determine the difference between the 
transit times of corresponding markers along the two paths by using the difference in 
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arrival times A1 , A2 of the markers. The difFerence in arrival time can be used directly, in 
which case the quantity (A1-A2) is evaluated, and a correction due to any offset in the 
departure times (S1-S2) of a pair of markers is made. Alternatively, the difference in 
arrival time can be used indirectly, in which case a first quantity (A1-S1) and a second 
quantity (A2-S2) are each evaluated, following which the difference between first and 
second quantities obtained. Clearly, in each case is the difference between the arrival 
times along the two paths that is important, in particular if (S1-S2) is a small correction to 
the value (A1-A2). 

At least one processor 101 is provided at the receiving station on which computer 
algorithms such as the reading stage, including the processor stage and/or the clock 
stage can be run in use. Likewise, at least one processor 102 is provided at the sending 
station on which some or all of software stages for copying, a/d conversion, marking, 
encoding, and the RTS counter can be run. 

Clearly, the invention provides a simple way for the customer of a network 
operator to find out if paths the customer has been allocated have been altered, in 
particular where the start and end points of the paths are located sufficiently far away for 
clocks at the start and end locations of the paths to be synchronised. 



